Hypertrophic Scarring
Lieutenant-Colonel W G Thomson (Cambridge Military Hospital, Aldershot, and Queen Mary's Hospital, Roehamptoni, London SWIS) Treatment of Hypertrophic Scarring by Compression and Occlusion Hypertrophic scarring and scarring contracture are problems without a satisfactory solution. The multiplicity of methods of treatment is an indication of the inability of any one method to produce a consistently good result. Pressure therapy has been tried intermittently for many years (Lintilhac et al. 1966 , Gottlieb 1963 , Fujimori et al.1968 , Larsen 1970 , but not until orthoplast was introduced by Larsen was the incidence of skin sensitivity to the occluding material sufficiently low to warrant routine use.
Prenyl,1 a substance similar to orthoplast, is an unvulcanized neoprene which is malleable at 140°F (60°C) and may be stretched and moulded to body contours. It is bandaged firmly in place and the splint then hardens and retains an elastic moulded shape which can easily be reapplied by the patient. It is worn continuously but must be removed once daily and washed in cold water before reapplying, otherwise the smell becomes objectionable. The patient is instructed to wash the area and dry it carefully but to avoid powdering the scar, although the surrounding skin may be powdered. The patient's cooperation is essential; however, once the patient sees the change which occurs usually within the first week cooperation is wholehearted, particularly in longstanding cases or when children are involved and their parents can purge some of their guilt complexes by active participation in the treatment.
Certain areas are difficult to treat because adequate compression is not possible or cannot be maintained, but on limbs or trunk the results are most encouraging. The most suitable scars are those which are still very thick, red and irritant. These will show a startling reduction in the thickness of the scar even within 24 hours. Pain and itch are relieved early and contractures are rapidly overcome, requiring serial moulding to the extending joint. This remoulding may be done by the patient or by a relative, and mothers are instructed in the simple procedure required.
Of the first 100 consecutive patients treated by Prenyl occlusion, 14 defaulted or opted out of 'Nottingbam Handcraft Co treatment, 4 were lost to countries overseas, 4 produced immediate allergic reactions which stopped treatment within the first month, 3 showed late sensitivity reactions when treatment was nearly completed, one case failed because the patient was a low-grade mental defective and 2 others showed no response at all because the scars were too old and mature. The remaining 72 patients responded to Prenyl and the majority of these were improved cosmetically and functionally as shown by serial colour photographs and patient satisfaction, and by comparison with other areas of the body which were left untreated, this being the only form of control possible.
The complications encountered include malodour, excessive maceration which may lead to break-down of the scar and later to ulceration, and skin sensitivity to the splint.
In the early stages of treatment the splint should not be left off for more than 15 minutes at a time, otherwise venous engorgement of the shrunken scar occurs and may eventually lead to blistering and ulceration. Superficial loss of epithelium is no bar to continued treatment, and a thin tulle dressing under the Prenyl is perfectly satisfactory. The duration of treatment depends on the response but it must usually continue for 4-6 months.
The mode of action of compression and occlusion on hypertrophic scar is not known but in the early stages of treatment maceration of the scar occurs and there is no doubt that this is significant since powdering of the scar to keep it dry stops the maturation process. The early reduction in thickness of the scar can only be by the compression of aedema fluid from the scar but thereafter a degree of ischxemia is probably produced in the scar. The compression stresses may also have some influence on the cross-linkage of collagen which is so important in the maturation of scar tissue, but this requires further investigation. The overall effect of occlusion and compression is to increase the rate of maturation of the scar which becomes pale, soft, supple and clinically mature. Some of the best results have been seen following electrical burns on the hand in young children, where contracture of the fingers is a notoriously common occurrence. Prenyl applied at an early stage, as soon as the graft seems stable, will prevent contracture occurring. The fingers do not become stiff since there appears to be a dynamic action in the Prenyl which allows a modicum of isometric activity while the splint is worn.
This method of treating hypertrophic scars is more effective in treating large areas of scars than any other method in present use. However, the prevention of hypertrophic change after burns is probably of greater importance. While improved Section ofPlastic Surgery 257 surgical care speeding the prompt healing of raw surfaces has provided a large part of the answer to this problem, it appears likely that if pressure is applied at an early stage in areas where hypertrophic change can be expected, such hypertrophic change will not occur and the scar will mature more quickly and without contracture. Larsen (1970) 
Histochemistry of Hypertrophic Scars and Keloids
The discipline of histochemistry studies biochemical changes against an intact anatomical background. It is therefore especially useful in relating structure to function.
Although, clinically, nonhypertrophic scar may appear to be inactive, Cohen et al. (1971) showed that the rate of collagen synthesis in such a scar was nearly double that of normal skin. In hypertrophic scar, the rate of collagen production was over four times and in keloids some thirteen times that of normal skin. In nonhypertrophic scar, the rate of collagen synthesis is in equilibrium with collagen breakdown, but in the hypertrophic scar this balance no longer exists, because of this excessive production. This study reports the activity of four enzymes, reduced nicotinamide adenine dinucleotide diaphorase (NAD), acid phosphatase, alkaline phosphatase and /-d-glucuronidase, in the nonhypertrophic and the hypertrophic scar, and demonstrates where the abnormal activity of hypertrophic scars occurs within the cell at biochemical level.
Method
For the study, scars were obtained from patients having scar revisions or biopsy, and normal skin from patients having abdominal or breast reductions or prominent ear correction, or from skin a little distant from where benign lesions were being excised.
The skin was fixed immediately in formol calcium for thirty minutes, and then stored at +40C in Holt's gum sucrose until sectioned. Sections were cut to 15 ,um thickness. All sections were incubated for a standard time and temperature with the histochemical reagents. Nicotinamide adenine dinucleotide diaphorase (NAD): The enzymes collectively called oxidoreductases, of which NAD is one, are concerned with biological oxidation and reduction, and therefore with cellular respiration. They accept hydrogen from a substrate and pass it down a pathway eventually linking it to oxygen to form water. This process releases energy which can be used for healing and regeneration.
In normal skin NAD is present in all the living cells of the epidermis (i.e. in all layers except the stratum corneum), in sebaceous and sweat glands and in hair follicles. In the dermis there is some activity in the fibroblasts. In nonhypertrophic scar there is a similar concentration of enzyme, but the fibroblasts are distributed into tracts. However, the hypertrophic scar shows a much increased concentration ofenzyme throughout the dermis, with a distribution into two separate layers, a superficial one of less concentration of enzyme, and a deeper one with a considerably greater concentration (Fig 1 & 2) .
In the hypertrophic scar, therefore, there is evidence of intense energy production in the mitochondria where reduced NAD is present and more specifically from the tricarboxylic acid cycle in the process of producing adenosine triphosphate (ATP). Acidphosphatase: This enzyme is concerned with the hydrolysis of proteins, lipids, carbohydrates and nucleic acids. In normal skin it is present in the stratum granulosum, in the skin appendages and in fibroblasts. It is also present in leukocytes, eosinophils and phagocytes (Suzuki 1966).
In nonhypertrophic scar there is little enzyme activity, but the hypertrophic scar shows a moderate increase in concentration, again more so in the deeper than the superficial dermal layer.
Increased acid phosphatase activity is associated with the synthesis of keratin and with repair. Its presence in high concentration fits in with its known function of degrading fats and proteins. Therefore its increased activity in hypertrophic scars suggests a raised turnover of proteins, both synthesis and lysis.
The activity of acid phosphatase occurs in two sites, in the lysosomes and free in the cell cytoplasm. These can be distinguished histochemically by the appearance of the reaction: discrete dots represent lysosomal acid phosphatase while the more diffuse are free cytoplasmic. It may possibly be that the synthetic and lytic roles of the enzyme take place in different parts of the cell. f-d-glucuronidase: The enzyme is present in all the layers of epidermis (except stratum corneum), in sweat glands, hair follicles, and in fibroblasts in the dermis.
